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(54) A non-volatile memory device 

(57) A non-volatile memory device (120) is pro- 
posed. The non-volatile memory device includes a flash 
memory (205) and means (225) for executing external 
commands, the external commands including a first 
subset of commands for accessing the flash memory di- 
rectly; the memory device further includes a program- 



mable logic unit (245) and means (250) for storing pro- 
gram code for the logic unit, the external commands in- 
cluding a second subset of at least one command for 
causing the logic unit to process information stored in at 
least one portion of the flash memory under the control 
of the program code. 
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Description 

[0001] The present invention relates to a non-volatile 
memory device. 

[0002] Non-volatile memory devices store informa- 
tion, which must be preserved even when a power sup- 
ply feeding the memory device is off. These memory de- 
vices are commonly used as external peripherals (by a 
processing unit) in several applications. 
[0003] A particular type of non-volatile memory device 
is a flash E 2 PROM (or simply flash memory) . A flash 
memory consists of a matrix of memory cells, each one 
formed by a single transistor. This results in a very sim- 
ple structure of the flash memory, which can be manu- 
factured at low cost and with high density. As a conse- 
quence, the flash memory is well suited to a number of 
end-product applications, such as mobile telephones, 
automotive devices, digital still cameras, hand-held 
computers, and the like. 

[0004] A drawback of the flash memories is that they 
must be erased in blocks. The smallest dimension of the 
block that can be used in practice at a reasonable cost 
amounts to a few Kbytes. However, the resolution so 
achieved is insufficient for several applications requiring 
the ability to modify information at word, byte or even bit 
level. As a consequence, complex Systems on Chips 
(SOCs) embedding both a flash memory and an 
E 2 PROM (which can be erased a bit at a time) are often 
required. 

[0005] A different solution known in the art is that of 
using only the flash memory for storing both persistent 
information (such as program code) and information that 
needs to be updated (such as data) . The data stored in 
the flash memory is managed by a software program, 
which controls and organizes the flash memory so as to 
emulate the behavior of an E 2 PROM. The data manage- 
ment software is stored in the flash memory, and runs 
on the processing unit that employs the flash memory 
as an external peripheral; the flash memory has a mul- 
tiple banks architecture, so that instructions of the data 
management software may be fetched and executed 
from one bank while another bank is being programmed 
or erased. In this way, the capacity of the non-volatile 
memory device is increased (for the same cost) or its 
cost is reduced (for the same capacity). 
[0006] A drawback of the solution described above is 
that the running of the data management software in- 
volves an overload of the processing unit; as a conse- 
quence, the performance of a whole system (including 
the flash memory and the processing unit) is reduced. 
[0007] Moreover, a large amount of data must be 
transmitted (typically on a communication bus) between 
the flash memory and the processing unit. The high traf- 
fic on the communication bus increases the power con- 
sumption of the system. This drawback is particular 
acute in portable systems (such as mobile telephones), 
which are supplied by a battery. 

[0008] It is an object of the present invention to over- 
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come the above-mentioned drawbacks. In order to 
achieve this object, a device as set out in the first claim 
is proposed. 

[0009] Briefly, the present invention provides a non- 
5 volatile memory device including a flash memory and 
means for executing external commands, the external 
commands including a first subset of commands for ac- 
cessing the flash memory directly; the memory device 
further includes a programmable logic unit and means 
10 for storing program code for the logic unit, the external 
commands including a second subset of at least one 
command for causing the logic unit to process informa- 
tion stored in at least one portion of the flash memory 
under the control of the program code. 
15 [0010] Moreover, the present invention also provides 
a data processing system including the non-volatile 
memory device. 

[001 1 ] Further features and the advantages of the so- 
lution according to the present invention will be made 
20 clear by the following description of a preferred embod- 
iment thereof, given purely by way of a non -restrictive 
indication, with reference to the attached figures, in 
which: 

25 Figure 1 is a diagrammatic representation of a 
processing section of a mobile telephone in which 
the non-volatile memory device of the invention can 
be used; and 

Figure 2 shows a schematic block-diagram of the 
30 non-volatile memory device. 

[0012] With reference in particular to Figure 1, a 
processing section 100 of a mobile telephone is depict- 
ed. The processing section 100 is formed by several 
35 units, which are connected in parallel to a communica- 
tion bus 105. In detail, a microprocessor (u.P) 110 con- 
trols operation of the processing section 100, and a 
SRAM 115 is used directly by the microprocessor 110 
as a working memory. 
40 [0013] A non-volatile memory device 120 (described 
in the following) stores the program code executed by 
the microprocessor 110. Moreover, the non-volatile 
memory device 120 is used for storing data that needs 
to be preserved when a power supply feeding the 
45 processing section 1 00 is off. For example, the non-vol- 
atile memory device 120 stores a telephone book and 
the text of SMSs that have been sent and received by 
the mobile telephone. 

[0014] Further peripheral units are connected to the 
50 bus 1 05 (by means of respective interfaces). Particular- 
ly, an input unit consists of a keypad 125 and an output 
unit consists of a display 130. Moreover, the processing 
section 1 00 includes an analog-to-digital (A/D) convert- 
er 135; the A/D converter 135 is used to interface the 
55 processing section 100 with external units, such as a 
Radio Frequency (or RF) section, a microphone, and a 
loudspeaker. 

[0015] Similar considerations apply if the processing 
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section is used in different applications (for example, in 
a digital still camera, in a music player, in a hand-held 
computer or in a voice recorder), it the processing sec- 
tion has a different architecture or includes other units, 
if it is replaced with an equivalent data processing sys- 5 
tern., and the like. 

[0016] Considering now Figure 2, the non-volatile 
memory device 1 20 is integrated in a single chip of sem- 
iconductor material. The non-volatile memory device 
120 includes a flash memory 205 } which is formed by a to 
matrix of memory cells (each one consisting of a floating 
gate MOS transistor). The flash memory 205 is parti- 
tioned into a plurality of banks made in respective insu- 
lated wells of the chip; for example, the flash memory 
205 consists of 28 banks each one with 512k memory 15 
cells. Each bank is formed by B blocks (or sectors) of 
32k memory cells; all the memory cells of a block must 
be erased at the same time (with each block that may 
be erased individually). 

[0017] A word (typically of 16 bits) is simultaneously 
processed by the flash memory 205. The flash memory 
205 has a multiple banks architecture, which provides 
a dual operations feature. In this way, while program- 
ming or erasing in one bank, read operations are pos- 
sible in another bank with zero latency (only one bank 
at a time is allowed to be in program or erase mode); if 
a read operation is required in a bank that is program- 
ming or erasing, the program or erase operation is sus- 
pended. The combination of these features means that 
read operations on the flash memory are possible at any 
time. 

[0018] The flash memory 205 is logically partitioned 
into a standard portion 205s and a local portion 205I 
(each one consisting of one or more different banks). 
The standard portion 205s stores persistent information 
(such as program code), while the local portion 205I 
stores information that needs to be updated (such as 
data). The dual operations feature of the flash memory 
205 allows the program code to be executed from the 
standard portion 205s while the local portion 205I is pro- 
grammed or erased. 

[0019] An address buffer 210 is used as an input 
structure for receiving an external address ADR, which 
identifies a location of the flash memory 205 storing a 
word. In the example at issue, the flash memory 205 is 
formed by 128 banks each one with 51 2k memory cells, 
that is 512/16=32k words of 16 bits; the flash memory 
205 then stores 128-32-1024 = 2 7 -2 5 -2 10 = 2 22 words; 
as a consequence, each location of the flash memory 
205 is identified by an address ADR of 22 bits. Moreover, 
an I/O buffer 220 receives information from the micro- 
processor external to the non-volatile memory device 
120; the information consists either of external com- 
mands CMD for the non-volatile memory device 120 or 
data DT to be written into the flash memory 205; the I/ 
O buffer 220 is further used to provide data DT read from 
the flash memory 205 to the external microprocessor. 
[0020] The address ADR from the buffer 210 and the 
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data DT from the buffer 220 are supplied to the flash 
memory 205 directly. The address buffer 210 and the I/ 
O buffer 220 are further coupled with a command inter- 
face 225. The command interface 225 interprets the 
commands CMD received from the I/O buffer 220. The 
command interface 225 accordingly actuates a control- 
ler 227, which is typically implemented with a state ma- 
chine; the state machine 227 provides a sequence of 
control signals causing the flash memory 205 to execute 
the operations required by each command CMD. 
[0021] The command interface 225 also communi- 
cates with a microprocessor (u.P) 245 embedded in the 
non-volatile memory device 120. Several units are con- 
nected in parallel to the embedded microprocessor 245 
through a communication bus 247. In detail, a series of 
high-speed internal registers 248 stores information that 
is used by the embedded microprocessor 245 directly. 
Particularly, one register 248 is used to store status in- 
formation, indicative of an operative condition of the 
non-volatile memory device 120, and another register 
248 is used to store configuration information, indicative 
of the dimensions of the standard portion 205s and of 
the local portion 205I of the flash memory; the status 
register and the configuration register are accessible 
from the outside of the non-volatile memory device 120 
directly. 

[0022] A masked ROM 249 is hardwired with prepro- 
grammed instructions for the embedded microproces- 
sor 245. A further ROM 250 (typically implemented with 
a small flash memory) stores program code controlling 
operation of the embedded microprocessor 245, which 
program code is loaded from the outside under the con- 
trol of the state machine 227. A SRAM 255 (for example, 
storing 8k words) is used directly by the embedded mi- 
croprocessor 245 as a working memory. 
[0023] The embedded microprocessor 245 is further 
coupled with the local portion 205I of the flash memory 
and with a local buffer 265 (implemented with a volatile 
memory, such as a SRAM storing 1k words); the local 
buffer 265 is directly mapped on the same address 
space of the lowest area of the local portion 205I. The 
local buffer 265 is input a portion of the address ADR 
from the buffer 210; particularly, the local buffer 265 re- 
ceives the 10 less significant bits of the address ADR, 
which are required to identify one of its 1 k=2 10 locations. 
The local buffer 265 is coupled with the I/O buffer 220, 
in order to receive words to be written into the local buff- 
er 265 and control signals for managing its operation; 
the I/O buffer 220 is further used to provide a word read 
from the local buffer 265 to the external microprocessor 
[0024] The command interface 225 supports the most 
common commands of a standard flash memory. Par- 
ticularly, a Word Program command and a Word Read 
command are used to program and to read, respective- 
ly, a selected location of the flash memory 205, a Block 
Erase command is used to erase a specific block of the 
flash memory 205, an Autoselect command is used to 
read a manufacturer code and a device code identifying 
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the flash memory 205, a Read CFI command is used to 
read a Command Flash Interface defining the specifica- 
tions of the flash memory 205, and the like. 
[0025] Moreover, the command interface 225 sup- 
ports additional commands. Particularly, a Start com- 5 
mand and a Suspend command are used to start and 
to suspend, respectively, operation of the embedded mi- 
croprocessor 245. A Reset command forces a hardware 
reset of the embedded microprocessor 245. A Read/ 
Write Buffer command is used to switch the non-volatile 
memory device 120 to a local mode of operation, where- 
in the external microprocessor can access the local buff- 
er 265 (temporarily mapped on the address space of the 
local portion 205I of the flash memory); a Read Flash 
command is used to switch the non-volatile memory de- 
vice 120 back to a standard mode of operation, wherein 
the external microprocessor accesses the whole flash 
memory 205 (assuming that the embedded microproc- 
essor 245 is idle). A Code Erase command and a Code 
Program command are used to erase and to program, 
respectively, the flash ROM 220 (in order to update the 
program code stored therein). Finally, a Configuration 
command updates the content of the configuration reg- 
ister. 

[0026] The non-volatile memory device 120 de- 
scribed above is used as a standard flash memory by 
the external microprocessor. Particularly, assuming that 
the non-volatile memory device 120 is in the standard 
mode of operation (local buffer 265 n on -accessible from 
the outside), the external microprocessor accesses the 
whole flash memory 205 (both the standard portion 205s 
and the local portion 205I) as usual. 
[0027] Whenever the external microprocessor needs 
to perform generic data management operations involv- 
ing the content of the local portion 205I of the flash mem- 
ory, a Read/Write Buffer command is sent to the non- 
volatile memory device 120. In response thereto, the 
non-volatile memory device 1 20 is switched to the local 
mode of operation (making the local buffer 265 acces- 
sible from the outside). 

[0028] One or more words are then written into the 
local buffer 265; each word is written into the location 
identified by the address ADR during a writing cycle, 
which is managed through corresponding control sig- 
nals provided by the external microprocessor directly. In 
this way, the external microprocessor downloads infor- 
mation to the non-volatile memory device 120; the infor- 
mation consists of instructions (defining data manage- 
ment operations to be carried out by the embedded mi- 
croprocessor 245) and possible corresponding data. 
[0029] Once downloading of the information is com- 
pleted, the external microprocessor sends a Start com- 
mand to the non-volatile memory device 120. In re- 
sponse thereto, the embedded microprocessor 245 is 
started and the program code stored in the flash ROM 
250 is run. The program code interprets the instructions 
loaded in the local buffer 265. These instructions will 
cause the embedded microprocessor 245 to carry out 
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corresponding operations on the data stored in the local 
buffer 265 and/or in the local portion 205I of the flash 
memory; for example, the data downloaded to the local 
buffer 265 is saved (either directly or after being proc- 
essed by the embedded microprocessor 245) in the lo- 
cal portion 205I, or selected data is retrieved from the 
local portion 205I, processed by the embedded micro- 
processor 245 if necessary, and then stored into the lo- 
cal buffer 265. 

[0030] As soon as processing is completed, the em- 
bedded microprocessor 245 updates the status register 
accordingly. The status register is periodically polled by 
the external microprocessor. When the external micro- 
processor detects completion of the processing, the ex- 
ternal microprocessor reads the result of the processing 
stored in the local buffer 265 if necessary. Particularly, 
each word in the location of the local buffer 265 identified 
by the address ADR is read during a reading cycle, 
which is managed through corresponding control sig- 
nals provided by the externa! microprocessor directly. 
[0031 ] In the meanwhile, the external microprocessor 
is always allowed to access the standard portion 205s 
of the flash memory as usual. Moreover, if the external 
microprocessor needs to access the local portion 205I 
of the flash memory a Suspend command is sent to the 
non-volatile memory device 120. In response thereto, 
operation of the embedded microprocessor 245 is sus- 
pended (storing its current condition into the SRAM 
255), and the status register is updated accordingly. The 
external microprocessor then sends a Word Read com- 
mand to the non-volatile memory device 120, in order 
to read the words stored in the selected locations of the 
local portion 205I of the flash memory. Once reading of 
the local portion 205I of the flash memory has been com- 
pleted, the external microprocessor sends a Resume 
command to the non-volatile memory device 120. In re- 
sponse thereto, operation of the embedded microproc- 
essor 245 is resumed (after retrieving the stored condi- 
tion from the SRAM 255), and the status register is re- 
stored accordingly.' 

[0032] In addition, the external microprocessor may 
force a hardware reset of the embedded microprocessor 
245 by sending a Reset command to the non-volatile 
memory device 1 20. This command will cause operation 
of the embedded microprocessor to be aborted (with the 
status register that is updated accordingly). 
[0033] The proposed architecture is used in different 
applications. For example, when the external micro- 
processor needs to update the content of the non-vola- 
tile device 120 the new data is downloaded to the local 
buffer 265; the local portion 205I of the flash memory is 
then updated accordingly under the control of the em- 
bedded microprocessor 245. Preferably, the embedded 
microprocessor manages a look-up table (stored in the 
SRAM 255), which defines a directory of the local por- 
tion 205I of the flash memory. In this way, the embedded 
microprocessor 245 emulates the behavior of a direct 
access bulk memory (such as a hard-disk). 
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[0034] Alternatively, the non-volatile memory device 
120 is used to store compressed data. In this case, the 
(original) data is downloaded to the local buffer 265; the 
embedded microprocessor 245 directly controls com- 
pression of the data and its storing into the local portion 
205I of the flash memory. Whenever the original data is 
required by the external microprocessor, the data is de- 
compressed by the embedded microprocessor 245 and 
stored into the local buffer 265. The original data is then 
read from the local buffer 265 by the external microproc- 
essor directly. 

[0035] Similar considerations apply if the non-volatile 
memory device includes equivalent functional units, if 
the flash memory, the local buffer and/or the SRAM have 
a different capacity, if the embedded microprocessor is 
replaced with an equivalent programmable logic unit if 
the status register and/or the configuration register are 
placed elsewhere, if the local buffer is implemented with 
equivalent means, if the standard portion and the local 
portion of the flash memory are configured in a different 
way, if a chip enable pin is used to actuates the local 
buffer (instead of the Read/Write Buffer command), if 
the status of the embedded microprocessor is moni- 
tored by hardware (for example, using a busy pin of the 
non-volatile memory device), if the non-volatile memory 
device supports other commands, if further functions 
are provided (for example, for preventing execution of 
conflicting operations on the flash memory). Alternative- 
ly, the local portion of the flash memory is used for dif- 
ferent applications; for example, the embedded micro- 
processor controls encoding/decoding or ciphering/de- 
ciphering of data stored in the non-volatile memory de- 
vice, the embedded microprocessor implements error 
correction procedures on the data stored in the flash 
memory, and the like. 

[0036] More generally, the present invention propos- 
es a non-volatile memory device including a flash mem- 
ory. Means are provided for executing external com- 
mands; the external commands include a first subset of 
commands for accessing the flash memory directly. The 
memory device further includes a programmable logic 
unit and means for storing program code for the logic 
unit. The external commands includes a second subset 
of one or more commands for causing the logic unit to 
process information stored in at least one portion of the 
flash memory under the control of the program code. 
[0037] The proposed architecture reduces the over- 
load of any external processing unit employing the non- 
volatile memory device as a peripheral; in fact, most of 
the data management processing is carried out by the 
embedded microprocessor directly In this way, the per- 
formance of a whole system (wherein the non-volatile 
memory device is included) is strongly increased. 
[0038] The solution of the invention reduces the 
amount of data that must be transmitted between the 
non-volatile memory device and the external microproc- 
essor. This non-volatile memory device is particularly 
advantageous in portable systems that are supplied by 



a battery (such as mobile telephones), even if the use 
of the devised structure in different applications is not 
excluded. 

[0039] In addition , any data management software al- 
5 ready available for controlling and organizing the flash 
memory may be reused, and downloaded to the non- 
volatile memory device at production time. 
[0040] The preferred embodiment of the invention de- 
scribed above offers further advantages. 
io [0041] Particularly, the non-volatile memory device in- 
cludes a local buffer that is mapped on the local portion 
of the flash memory: the local buffer is directly accessi- 
ble from the external microprocessor in the local mode 
of operation of the non-volatile memory device. 
is [0042] The proposed feature makes it possible to 
download information for the embedded microproces- 
sor and to upload any result of the processing in a very 
simple manner. 

[0043] Preferably, the flash memory is logically parti- 
20 tioned into a standard portion and a local portion (for the 
embedded microprocessor) . 

[0044] This feature ensures that the embedded micro- 
processor only accesses a dedicated portion of the flash 
memory. 

25 [0045] Advantageously, the dimensions of the two 
portions of the flash memory are updated dynamically 
[0046] in this way, the flash memory may be config- 
ured for different conditions of use. 
[0047] Alternatively, information is downloaded to 

30 and/or uploaded from the non-volatile memory device 
with another procedure (for example, only using the I/O 
buffer), the flash memory is partitioned in a different 
manner, the dimensions of the standard portion and of 
the local portion cannot be updated dynamically, the em- 

35 bedded microprocessor is allowed to access the whole 
flash memory, and the like. 

[0048] As a further improvement, the, program code 
controlling operation of the embedded microprocessor 
interprets instructions that have been loaded into the lo- 

40 cal buffer. 

[0049] In this way, a number of operations may be re- 
quested to the embedded microprocessor employing a 
single command (for starting its operation). 
[0050] Preferably, the non-volatile memory device 

45 supports two commands for suspending and for resum- 
ing, respectively, operation of the embedded microproc- 
essor. 

[0051 ] These commands allow the local portion of the 
flash memory to be accessed every moment. 

so [0052] Moreover, the non-volatile memory device in- 
cludes means for providing an indication of the conclu- 
sion of the processing operations. 
[0053] This feature makes it possible to synchronize 
operation of the embedded microprocessor and of the 

55 external microprocessor. 

[0054] However, the solution of the present invention 
leads itself to be implemented controlling operation of 
the embedded microprocessor in a different way, with- 
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tioning the flash memory into a first (205s) and a 
second (205I) portion, the at least one portion of the 
flash memory consisting of the second portion. 

5 4. The memory device (120) according to claim 3, fur- 
ther including means (220,225,245) for dynamically 
updating the dimensions of the first (205s) and the 
second (205I) portion of the flash memory. 

10 5. The memory device (120) according to claim 3 or 
4, wherein the information stored in the buffering 
means (265) includes instructions for causing the 
program code to execute corresponding processing 
operations on the information stored in the second 

15 portion (205I) of the flash memory, the second sub- 
set including a command for starting operation of 
the logic unit (245). 

6. The memory device (120) according to claim 5, 
20 wherein the second subset further includes a com- 
mand for suspending operation of the logic unit 
(245) and a command for resuming operation of the 
logic unit. 

25 7. The memory device (120) according to any claim 
from 5 to 6, further including means (248) for pro- 
viding an indication of the conclusion of the 
processing operations. 

30 8. The memory device (120) according to any claim 
from 1 to 7, wherein the flash memory (205) has a 
multiple banks architecture. 

9. The memory device (120) according to any claim 
35 from 1 to 8 . wherein the memory device is integrat- 
ed in a single chip of semiconductor material. 



out any suspend and/or resume command, and even 
monitoring the processing operations in a different way. 
[0055] In a preferred embodiment of the invention, the 
flash memory has a multiple banks architecture. 
[0056] In this way, program code stored in the stand- 
ard portion can be always read while updating data 
stored in the local portion. 

[0057] Advantageously, the non-volatile memory de- 
vice of the invention is integrated in a single chip of sem- 
iconductor material. 

[0058] The proposed structure provides very high per- 
formance. 

[0059] However the non-volatile memory device of 
the invention is also suitable to be implemented with a 
different flash memory, or even distributing the compo- 
nents of the non-volatile memory device across two or 
more chips (but with the device that is always seen as 
a single peripheral from the outside). 
[0060] Naturally, in order to satisfy local and specific 
requirements, a person skilled in the art may apply to 
the solution described above many modifications and 
alterations all of which, however, are included within the 
scope of protection of the invention as defined by the 
following claims. 



Claims 

1. A non-volatile memory device (120) including a 
flash memory (205) and means (225,227) for exe- 
cuting external commands, the external commands 
including a first subset of commands for accessing 
the flash memory directly, 

characterized in that 
the memory device further includes a programma- 
ble logic unit (245) and means (250) for storing pro- 
gram code for the logic unit, the external commands 
including a second subset of at least one command 
for causing the logic unit to process information 
stored in at least one portion (205I) of the flash 
memory under the control of the program code. 

2. The memory device (120) according to claim 1, 
wherein the at least one portion (205I) of the flash 
memory is mapped on a corresponding address 
space, the memory device further including buffer- 
ing means (265) mapped on said address space 
and means (220,225,245) for switching the memory 
device between a first operative condition and a 
second operative condition, the buffering means 
being non-accessible from the outside in the first 
operative condition and the buffering means being 
directly accessible from the outside instead of the 
at least one portion of the flash memory in the sec- 
ond operative condition. 

3. The memory device (120) according to claim 1 or 
2, further including means (248) for logically parti- 



10. A data processing system (100) including the mem- 
ory device (120) of any claim from 1 to 9. 
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